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AMENDMENTS TO THE DRAWINGS 

Please replace Figs. lA-lC, 7A-7B, 10, 11, 12A-12B, 13, and 16 filed on November 15, 
2004 with Figs. lA-lC, 7A-7B, 10, 11, 12A-12B, 13, and 16 submitted herewith. 
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REMARKS 

This submission is in response to the Official Action dated February 23, 2005. 
Reconsideration of the above identified application, in view of the above amendments and the 
following remarks, is respectfully requested. 

I. Status of the Claims 

Claims 1-3, 5-18, and 20-26 have been amended. Claims 4 and 19 have been canceled 
without prejudice or disclaimer of the subject matter therein. Applicants request the addition of 
claims 27-39. No new matter is added. Claims 1-3, 5-18, and 20-39 (37 claims) are pending. 
Claims 1-26 stand rejected. 

Claims 1-3, 5-18, and 20-26 have been amended to recite a system for modeling 
macrostructural characteristics of bone and a method of producing a model of bone. The model 
includes two hierarchical orders of bone having empirically-derived non-homogenous second 
order components which make up a first order macroscopic region of bone. Support for these 
amendments is found in the claims as originally filed and in the Specification, e.g., paragraphs 
[0043] and [0061]-[0064]. 

New claims 27-35 are directed to models in which viscoelastic properties of second order 
components of bone, e.g., collagen content, mucopolysaccaride content, and hydroxyapatite 
content, are incorporated into the model and, in preferred embodiments, are assigned based on 
experimental determinations. Support for these claims is found in the Specification, e.g., 
paragraphs [0091]-[0094], [0107]-[0109], and [0187]. 

New claims 36-39 are directed to models in which a relative amoimt of the third order 
components depends on degree of calcification of the second order components. Support for 
these claims is found in the Specification, e.g., paragraphs [0060] and [0080]. 
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11. Supplemental Information Disclosure Statement 

Applicants submit, concurrently with this Amendment, a Supplemental Information 
Disclosure Statement that complies with 37 C.F.R. § 1.98(a)(2) and copies of the cited references 
as attachments thereto. Consideration of these references and acknowledgment by initialing the 
Form SB/08 is respectfully requested. 

IIL Status of the Drawings 

The Drawings have been objected for including inadequate margins. Applicants submit 
herewith a replacement sheets with Figs. IC, 7 A, 1 1, 13, and 16 in order to correct the size of the 
margins, as requested by the Examiner. Based on the foregoing, AppUcants respectfully request 
the above objection be withdrawn. 

IV. 35 U.S.C S 112 Rejection 

Claims 23-26 have been rejected under 35 U.S.C. § 112, first paragraph. The Examiner 
states that the Specification does not convey that the inventors had possession of the claimed 
invention (Office Action dated February 23, 2005, pages 3-5). Applicants respectfully traverse 
this rejection, and reconsideration is respectfully requested. 

Claims 23-26 have been amended to depend on claim 31, which states that the model 
described in claim 17 includes viscoelastic properties of second order components, e.g., osteons, 
trabeculae, or lamellae, that are assigned based on experimental determinations. The 
experimental determinations include the steps of selecting a plurality of subject bones of a 
specified type, dividing each of the subject bones into a plurality of second order samples, 
wherein each sample corresponds to a location within the specified macroscopic region of each 
subject bone, evaluating one or more viscoelastic properties of at least one second order 
component of each sample, and aggregating the evaluations. 
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Regarding point 5.1 of the Office Action, the Examiner rejected claim 23 for not 
explaining how the quasi-static torsional loading of the osteon of bone in the laboratory is 
interfaced with the method of preparing the model of the viscoelastic properties of the bone on a 
computer in non-real time. Claim 23 has been amended to recite the steps for determining the 
angle-of-twist as a function of torque of the second order components of the selected bone based 
on the torque vs. angle-of-twist curve of the samples on which quasi-static torsional loading to 
rupture has been applied. 

Regarding point 5.2 of the Office Action, the Examiner rejected claim 24 for not 
explaining how the method of determining the ratio of collagen and mucopolysaccharides in the 
laboratory is interfaced with the method of preparing the model of the viscoelastic properties of 
the bone on a computer in non-real time. Claim 24 has been amended to recite the steps of 
determining the ratio of collagen and mucopolysaccharides in an extinct osteon as compared to 
those of an altemate osteon of the selected bone based on a measurement of the ratio of 
hydroxyproline and hexosamine in extinct osteon samples as compared to altemate osteon 
samples.as Claim 25 depends on claim 24 and is patentable for at least the same reasons. 

Regarding point 5.3 of the Office Action, the Examiner rejected claim 26 for not 
explaining how the method of determining the collagen-bundle direction related to osteon axis 
using circularly polarizing light microscopy, confocal microscopy, or x-ray diffraction in the 
laboratory is interfaced with the method of preparing the model of the viscoelastic properties of 
the bone on a computer in non-real time. Claim 26 has been amended to state that the collagen- 
bundle directions of the selected bone corresponds to a measurement of collagen-bundle 
directions of the osteon samples resulting from circularly polarizing light microscopy, confocal 
microscopy or X-ray diffraction of the subject bones. 

Based on the foregoing, Applicants respectfully request that the rejection of claims 23-26 
under 35 U.S.C. § 1 12, first paragraph, be withdrawn. 
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V. 35 U.S,C S 101 Refection 

Claims 1-26 have been rejected under 35 U.S.C. § 101 for being directed toward 
nonstatutory subject matter. Applicants respectfully traverse this rejection, and reconsideration 
is respectfully requested. 

Regarding point 7.1, the Examiner rejected claim 1 for being directed to a set of 
mathematical equations or a software tool and contends that such subject matter is nonstatutory. 
Regarding points 7.2-7.4, the Examiner also rejected claims 17-26 for reciting methods that are 
not directed to the technological arts. The Examiner stated that claims 17-26 do not describe any 
type of computer-implemented steps (Office Action dated February 23, 2005, pages 6-8). 

Claims 1-3 and 5-16 have been amended, and claims 27-29 have been added. These new 
and amended claims set forth a system for modeling macrostructural characteristics of a bone. 
Claims 17, 18, and 20-26 have been amended, and claims 30-35 have been added. These new 
and amended claims recite a method of producing a model of a bone. The Examiner apparently 
argues that, to be statutory, the claims must recite a system or apparatus with expressly recited 
hardware and software components and that method claims must recite computer-implemented 
steps. Applicants respectfully disagree. 

The claims include, but do not require, computer implementation. The model is not 
necessarily computerized in all embodiments of the invention, nor is every step a computer 
fiinction. The claimed system and method applies a step-by-step procedure that can, but need 
not be, performed by a machine such as a computer. A model can be created "by hand," i.e., 
without using computer hardware or software. As set forth in independent claims 1,17, and 33, 
the system and method includes two hierarchical orders of bone with components of the second 
order being used to construct a first order macroscopic region of bone. A property of the first 
order macroscopic region can be determined fi^om a viscoelastic property of at least one second 
order component. Calculations can be done by hand if desired, and without computer hardware 
or software. It is not necessary to recite any hardware or software components in the claims. It 
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is sufficient that the claimed steps are performed, or that the elements of the claimed system are 
present in relation to each other, as claimed. 

A system or method implemented "by hand" is patentable. That some steps encompass 
calculations or comparisons does not mandate the use of a computer or implementation by 
hardware and software. 

In Alco Standard Corp, v. TVA, 808 F.2d 1490, 1496 (Fed. Cir. 1986), the court held that 
a process that is capable of being performed by a person or by a machine is patentable. 
Appellants contended that steps of "correlating and combining" data were "merely mental 
processes, and therefore, unpatentable." Id. at 1496. However, the court stated that "[u]nder the 
meaning of correlating used in the patent, these steps may be performed either by a person or by 
a machine. . . The inclusion in a patent of a process that may be performed by a person, but that 
also is capable of being performed by a machine is not fatal to patentability" Id,, citing Diamond 
v.Diehr, 450 U.S. 175 (1981). 

Fxuthermore, a claim that has a practical application in the technological arts is statutory 
(MPEP § 2106, paragraph IV.B.2(a), page 2100-15). The Examiner states that (emphasis 
added): 

To be statutory, the utility of an invention must be within the technological arts. 
In re Musgrave, 167 USPQ 280, 289-90 (CCPA, 1970). The definition of 
"technology" is the "application of science and engineering to the development of 
machines and procedures in order to enhance or improve human conditions, or at 
least to improve himian efficiency in some respect." (Computer Dictionary 384 
(Microsoft Press, 2d ed. 1994)). (Office Action dated February 23, 2005, page 
10.) 

Clearly the invention provides procedures to enhance and improve human conditions, i.e., 
modeling bone to assess bone deformations, to compute stresses and strains due to specific 
forces acting on bone and to predict forces that do or do not cause viscous effects or elastic or 
plastic bone deformations. 
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The MPEP also states that an example of a type of claimed statutory process is "[a] 
digital filtering process for removing noise from a digital signal comprising the steps of 
calculating a mathematical algorithm to produce a correction signal and subtracting the 
correction signal from the digital signal to remove the noise" (MPEP § 2106, paragraph 
IV.B.2(b)(ii), page 2100-18). Clearly, this exemplary statutory process sets forth a mathematical 
algorithm including calculations, but does not set forth any machine, e.g., computer hardware or 
software components. 

A machine or method claim is statutory when the machine or method, as claimed, 
"produces a concrete, tangible and usefiil result" (MPEP § 2106, paragraph IV.B2(b)(ii), page 
2100-18, citing AT&T Corp, v. Excel Communications, Inc., 172 F.3d 1352, 1358 (Fed. Cir. 
1999) and State Street Bank & Trust Co. v. Signature Financial, 149 F.3d 1368, 1373 (Fed. Cir. 
1998)). The invention set forth in the pending claims includes a transformation of data to 
produce a usefiil, concrete, and tangible result. For example, a transformation of data occurs 
when the viscoelastic properties of the second order components are used to determine a 
viscoelastic property of the first order region of macroscopic bone. This transformation of data 
produces a usefiil, concrete, and tangible result which is the properties of the first and second 
order components. These properties are used to study or predict the behavior of the bone, e.g., 
when it is subject to an extemal force. The predictions of the behavior of bone can be used, for 
example, to improve the fitting of implants. The behavior of the bone subject to the extemal 
force can also be used to study deformation and fracture in the bone. 

For the aforementioned reasons, the subject matter of the claims is statutory with or 
without the recitation of computer hardware or software components. 

Based on the foregoing, Applicants respectfully request that the rejection under 35 U.S.C. 
§ 1 12, first paragraph, be withdrawn, and reconsideration is respectfiilly requested. 
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VIL 35 U.S.C. S 102(b) Rejection 

Claim 20 has been rejected as being anticipated by Crolet, "Compact Bone: Numerical 
simulation of mechanical characteristics,'* 26 J. Biomechanics 677-687 (1993) ("Crolet"). 
Applicants respectfully traverse this rejection, and reconsideration is respectfully requested. 

Claim 20 has been amended to depend on claim 17, which recites a method of producing 
a model of a bone including the steps of specifying a first order macroscopic region of a selected 
bone, dividing the macroscopic region into a finite number of empirically-derived non- 
homogeneous second order components, dividing each second order component, and 
determining a property of the first order macroscopic region of the selected bone based on the 
viscoelastic properties of the second order components. The second order is non-homogeneous 
and, in preferred embodiments, comprises at least one or more osteons, trabeculae, or lamellae 
all of which vary in degree of calcification and collagen fibril orientation. Viscoelastic 
properties can be determined experimentally. Thus, data fi"om a set of samples can be used to 
represent a subject bone of a selected type, according to the steps of the claims. 

Claim 17 has been amended to clarify that second order components (e.g., osteons, 
trabeculae, or lamellae) are non-homogeneous. The second order components are non- 
homogeneous with respect to degree of calcification and anisotropic with respect to collagen 
orientation. This is not found in the cited references. Claims 18 and 20-26 and new claims 30- 
32 depend from claim 17 and also include this feature. Claims 1-3 and 5-16 and new claims 27- 
29 also recite that the second order components comprising the osteons, trabeculae, or lamellae 
are non-homogeneous. The advantages of incorporating non-homogeneity in the second order 
components of the bone model are described in paragraph [0037] of the Specification of U.S. 
Patent Application Serial No. 09/981,684 ("the *684 application"), of which the current 
application is a continuation-in-part and which has been incorporated by reference in its entirety: 

Morphological and mechanical studies of bone show that at all hierarchical levels 
bone is anisotropic (the local mechanical properties are direction dependent), and 
non-homogeneous (the structure is not the same at different points). Nevertheless 
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to simplify bone modeling, bone structure often is assumed to be homogeneous, 
isotropic (not direction dependent), transversely isotropic (one plane of 
symmetry), or orthotropic (three planes of symmetry). The simplifications of 
isotropy, orthotropy, and transverse isotropy give rise to unrealistic models 
because these simplifications that symmetries that do not exist. For instance, in 
such models stresses may be over- or under-estimated. When such models are 
applied to practical applications, for example bone implants, poor estimates of 
stress may give rise to screw loosening in implants. 

Thus, modeling at least the second order components of the bone structure as non-homugeneous, 
and doing so as described and claimed herein, e.g., using representative empirical data, provides 
an improved bone model, unlike the simplified models provided in the prior art. 

The Examiner contends that Crolet discloses a model of bone with a hierarchical 
structure. In response to the previous Office Action mailed July 15, 2004, Applicants stated that 
Crolet presumes that the entire osteon is homogeneous and isotropic. Crolet teaches a simplified 
model of bone because it disregards the non-homogeneity of the structure (Crolet, p. 679). 
Specifically, Crolet teaches a theory of bone macrostructure which presumes there are uniform 
collagen fibrils in the osteons, thereby resulting in osteons that are homogenous, i.e., a simple 
average. Crolet models a lamella by dividing it into identical cylindrical sectors. The 
mechanical properties of other sectors may be computed fi-om knowing the mechanical 
properties of the one sector and rotating it (Crolet, p. 679), and the characteristics of one sector 
are "sufficient to determine the mechanical homogenized behavior of all the lamellar sectors" 
(Crolet, p. 680). This is different fi-om the claimed invention, which does not presume this 
simplified behavior and instead empirically maps properties into each hierarchical order of bone 
in a non-homogeneous manner, as claimed. As set forth in claims 23-35, the viscoelastic 
properties can be determined experimentally based on measurements fi'om testing of subject 
bones and incorporated into the bone model. 

Crolet also does not incorporate variations in the third order of bone hierarchy into his 
model, as claimed here, to form non-homogeneous second order components. Crolet 
acknowledges that real bone has three orders of hierarchical structure, but Crolet does not 
examine the third order microstructure to form his model. Since Crolet's lamellae, i.e., second 
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order components, are constructed by repeating identical lamellar sectors, Crolet's second order 
structures are homogeneous and uniform. Therefore, unlike the claimed invention, non- 
homogeneous second order structures (e.g., osteons, trabeculae or lamellae) are not used to 
construct the macroscopic region of bone, from which first order predictions of bone behavior 
are made. 

Moreover, as set forth in claim 26, the orientation directions of the collagen bundles are 
used to determine the viscoelastic properties of the second order components, and the collagen 
bundle directions are measured using circularly polarizing light microscopy, confocal 
microscopy or X-ray diffraction of the samples of bone. The model of the invention incorporates 
information regarding the distribution of collagen bundle directions (paragraphs [0150], [0222], 
and [0228]-[0229] of the Specification). Crolet does not disclose or suggest that collagen 
orientation varies with each lamella or that the orientation directions of the collagen bundles are 
used to determine properties of the second order components. 

New claims 36-39 are directed to models in which a relative amount of the third order 
components depends on degree of calcification of the second order components (paragraphs 
[0004], [0094], and [0098] of the '684 application). Crolet does not disclose or suggest that the 
degree of calcification of the second order components varies or that the degree of calcification 
can be measured experimentally. 

As set forth in claims 23-32, 34, and 35, the collagen bundle orientation and other 
viscoelastic properties of bone that are incorporated into the bone model are determined by 
experimentation (e.g., paragraphs [0091]-[0094], [0107]-[0109], [0187], [0222], and [0228]- 
[0229] of the Specification) and are not a uniform mathematical simpUfication. The viscoelastic 
properties of cadaveric bone are determined by experimentation and allow the model to provide 
predictions on the viscoelastic behavior of the osteons. The advantages of using experimental 
findings and incorporating them into the bone model are described in paragraph [0184] of the 
Specification: 
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The experiments reported here examine the properties of osteons under dynamic 
loading. They focus on viscoelasticity, characterizing first how viscoelasticity 
depends on collagen bundle direction and hydroxyapatite density, and second how 
the relative percentages of collagen and mucopolysaccarides depend on collagen 
bundle direction and hydroxyapatite density. These experimental results therefore 
provide important information on the role that the ultrastructural constituents play 
in the viscoelastic behavior of the osteon. By describing the limits and extent of 
the role that the osteon ultrastructure plays in determining osteon viscoelasticity, a 
better understanding is gained of how bone tissue absorbs energy during dynamic 
loading and of how fractures propagate. 

Thus, experimental findings using cadaveric bone provide a model that is more detailed and will 
be an improved predictor of properties of a subject bone. As set forth in claims 23-33, the 
cadaveric bones can be chosen free of pathology or with a specific pathology, i.e., of a specific 
type, to apply the model to a specific pathology (paragraphs [0012] and [0107] of the 
Specification of the '684 application). 

The model provided by Crolet does not disclose or suggest a bone structure model that 
incorporates non-homogeneous second order components to provide a more realistic model of 
macroscopic bone. The prior art models also do not disclose or suggest incorporating 
viscoelastic properties, especially viscoelastic properties that are empirically-derived, into a bone 
structure model that incorporates non-homogeneous second order components. Crolet also does 
not disclose that the collagen orientation is determined by experimentation or that the properties 
may be determined by experimentation for a specified type of bone, including bone pathology. 

VL 35 U.S^C. S 103(a) Rejections 

A. Crolet, Ascenzi '99, and Lakes (Claims 1, 2, and 10) 

Claims 1, 2, and 10 have been rejected as being unpatentable over Crolet in view of 
Ascenzi, "The first estimation of prestress in so-called circulariy fibered osteonic lamellae," 
March 1999 ("Ascenzi '99"); and fiirther in view of Lakes, "Materials with structural hierarchy," 
Nature, 361 (1993) ("Lakes"). AppUcants respectfully traverse this rejection, and 
reconsideration is respectfiiUy requested. 
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Claim 1 has been amended and is directed to a system for modeling macro structural 
characteristics of a bone. The system includes at least two inter-related orders of hierarchical 
structural. The first order comprises at least one macroscopic region of the bone. The second 
order is non-homogeneous and, in preferred embodiments, comprises at least one or more 
osteons, trabeculae, or lamellae. According to claims 2 and 10, the second order components 
comprise extinct and altemate osteons. The second order components are used to construct the 
first order macroscopic region, i.e., to estimate its viscoelastic behavior. Viscoelastic properties 
can be determined experimentally. Thus, data from a set of samples can be used to represent a 
subject bone of a selected type, according to the steps of the claims. 

The Examiner contends that Crolet and Lakes disclose models of bone with a hierarchical 
structure. The Examiner also states that Crolet does not disclose a model comprising a 
viscoelastic property correlated with at least one component of bone microstructure and 
ultrastructure, but that Ascenzi '99 and Lakes both teach this feature in a model of bone with a 
hierarchical structure. The Examiner states that it would be desirable to modify Crolet's model 
in view of Ascenzi '99 and Lakes to correlate viscoelastic properties with the microstructural and 
ultrastructural components to yield hypotheses on bone microstructure and ultrastructure (Office 
Action mailed February 23, 2005, page 1 1). 

The Examiner stated that Lakes discloses a model of bone that incorporates the 
anisotropy of lamina (Office Action mailed February 23, 2005, page 33). Thus, as understood, 
the Examiner responded to Applicant's argument regarding Crolet's oversimplification by 
arguing that it would be obvious to modify Crolet's model to incorporate the anisotropy of Lakes. 
Respectfully, this appears to be hindsight, based on the invention and Applicants' arguments. 
Lakes does not provide what is missing from Crolet. Lakes acknowledges that in nature osteons 
and lamellae are anisotropic and that collagen orientation is one reason for this. However, Lakes 
does not use this observation to study or predict the macroscopic behavior of a subject bone, and 
does not suggest to do so, nor say how to do so - all in contrast to the present disclosure and 
particularly the new and amended claims. 
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Lakes discloses a hierarchical structure in which fibers are embedded in a matrix to form 
anisotropic sheets or laminae, which are bonded together to form a laminate (Lakes, p. 2, lines 
13-15). However, Lakes does not disclose that the osteons are nonhomogeneous, nor how to 
account for this in a bone model. Lakes merely teaches that bone has a hierarchical structure as 
shown in Figs. 2 and 4, but does not teach or suggest how to incorporate the hierarchical 
structure into a model of bone that includes non-homogeneous second order components. Lakes 
also does not disclose how to use the viscoelastic properties of the second order components to 
determine a property of the first order macroscopic region of bone, as set forth in the new and 
amended claims. Lakes also does not disclose that the viscoelastic properties of third order 
components are determined experimentally based on measurements from testing of subject bones 
and incorporated into the bone model as set forth in claims 23-33. 

Ascenzi *99 discloses a lamellar model for estimating prestress in bone, but the reference 
does not disclose or suggest a bone model with a hierarchical structure and viscoelastic 
properties as in the claimed invention. Ascenzi '99 acknowledges that a model can be used to 
estimate preexisting strain and prestress in the osteonic lamella in order to yield hypotheses on 
bone ultra- and micro-structure (Ascenzi '99, page 935, column 1, paragraph 1), and Ascenzi 
'99*s lamellar model is formed to include layers of cylindrical and helicoidal shells formed "of 
the same thickness, matrix, and fibers" (Ascenzi *99, page 938, column 1, paragraph 1). 
However, the reference does not disclose creating a model of a macroscopic region of bone using 
the lamellar model described in the reference and therefore does not provide any hypotheses 
regarding the behavior of a first order macroscopic region of bone, unlike the claimed invention. 
Furthermore, Ascenzi '99 also does not provide what is missing firom Crolet or Lakes. Ascenzi 
'99, like Crolet, does not disclose or teach that non-homogeneous second order components are 
formed to provide a more realistic predictor of the behavior of first ordermacroscopic regions of 
bone. Also Ascenzi *99, like Lakes, acknowledges that in nature osteons and lamellae are 
anisotropic and that collagen orientation is one reason for this. However, Ascenzi '99 also does 
not use this observation to study or predict the macroscopic behavior of a subject bone, does not 
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suggest to do so, nor say how to do so - all in contrast to the present disclosure and particularly 
the new and amended claims. 

Hence, Crolet, Ascenzi '99, and Lakes do not disclose or suggest all of the elements set 
forth in the claims, nor do their teachings make any of the claims obvious. 

B, Crolet, Ascenzi '99^ Lakes, Carter, and Wolfinbarger (Claims 3, 4, and 11) 

Claims 3, 4, and 11 have been rejected as being unpatentable over Crolet in view of 
Ascenzi '99 and Lakes and further in view of Carter et al., "Mechanical properties and 
composition of cortical bone," March 1978 ("Carter") and U.S. Patent No. 6,293,970 to 
Wolfinbarger et al. ("Wolfinbarger"). AppUcants respectfiilly traversetraverse this rejection, and 
reconsideration is respectfully requested. 

Claims 3 and 1 1 depend on claim 1 and have been amended to state that the viscoelastic 
properties comprise at least one parameter selected fi-om the group consisting of collagen 
content, mucopolysaccharide content, hydroxyapatite content, osteocyte content, osteoblast 
content, and content of porosity fluids. New claims 32-33 also Claim 4 also stated that the 
viscoelastic properties comprise at least one parameter selected firom the group consisting of 
mechanical properties, collagen content, mucopolysaccharide content, hydroxyapatite content, 
and collagen bundle orientation relative to osteon axis. Claim 4 has been canceled without 
prejudice or disclaimer of the subject matter therein. 

The Office Action contends that Crolet, Ascenzi '99, and Lakes teach the bone model 
described above. However, as noted above, Crolet, Ascenzi '99, and Lakes do not disclose or 
suggest a model in which the second order components, e.g., osteons, trabeculae, and lamellae, 
are non-homogeneous or a model that incorporates a hierarchical structure in which the 
viscoelastic properties of second order components are used to help predict the behavior of a first 
order macroscopic region of bone. 
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The Office Action also contends that Carter discloses osteoblast content and that 
Wolfinbarger discloses mucopolysaccharide content and osteocyte content. However, like 
Crolet, Ascenzi '99, and Lakes, Carter and Wolfinbarger show only that various properties can 
be measured; they do not teach or suggest incorporating viscoelastic properties into a model of 
bone, nor measuring them for that purpose. 

Crolcl fiuther discloses simulation of osteon stmcture by using "only the mathematical 
theory of homogenization" (p. 680, col. 1, paragraph 5). This teaches awav from the invention. 
Crolet makes no suggestion to modify its simplified mathematical model by using 
nonhomogeneous criteria or how to do so. Crolet also makes no suggestion to include 
viscoelastic properties, e.g., collagen content, mucopolysaccharide content, hydroxyapatite 
content, osteocyte content, osteoblast content, and content of porosity fluids. Crolet offers its 
uniform mathematical approach as sufficient to create a partial macrostructural model of bone, 
and thus would not teach one skilled in the art to incorporate practical measurements of 
experimental conditions, nor any properties disclosed in Carter and Wolfinbarger (e.g., 
osteoblast content, mucopolysaccharide content, and osteocyte content). 

C. Crolet, Carter, Wolfinbarger (Claim 21) 

Claim 21 has been rejected as being unpatentable over Crolet in view of Carter and 
further in view of Wolfinbarger. AppUcants respectfully traverse this rejection, and 
reconsideration is respectfully requested. 

Claim 21 depends from claims 20 and 17 and has been amended to state that the 
viscoelastic property includes at least one of collagen content, mucopolysaccharide content, and 
hydroxyapatite content. The Office Action contends that Carter teaches determining mechanical 
properties of bone. However, the limitation of incorporating mechanical properties has been 
canceled from the claim without prejudice or disclaimer of the canceled subject matter. 

The Office Action contends that Crolet teaches the bone model described above 
incorporating collagen content and hydroxyapatite content. However, as noted above, Crolet 
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does not disclose or suggest a model in which the second order components, e.g., osteons, 
trabeculae, and lamellae, are non-homogeneous or a model that incorporates a hierarchical 
structure in which the viscoelastic properties of second order components are used to help predict 
the behavior of a first order macroscopic region of bone. 

The Office Action also contends that Wolfmbarger discloses mucopolysaccharide 
content. However, as noted above, like Crolet, W oifmbarger shows only that variouf? properties 
can be measured; they do not teach or suggest incorporating viscoelastic properties into a model 
of bone, nor measuring them for that purpose. 

Z). Crolet, Ascenzi '99, Lakes, Carter, Wolfmbarger, and Ascenzi '93 (Claims 5 and 6) 

Claims 5 and 6 have been rejected as being unpatentable over Crolet in view of Ascenzi 
'99 and Lakes and further in view of Carter, Wolfmbarger, and Ascenzi, "The torsional properties 
of single selected osteons," October 1993 ("Ascenzi *93"). Applicants respectfully traverse this 
rejection, and reconsideration is respectfully requested. 

Claims 5 and 6 have been amended to depend from claim 1 and state that the viscoelastic 
property is selected from the group consisting of an angle-of-twist as a function of torque, osteon 
hydroxyapatite content, strain rate, or time. Claim 22 also recites this feature of the invention. 

The Office Action contends that Crolet, Ascenzi '99, Lakes, Carter, and Wolfmbarger 
teach the bone model set forth in claim 3, from which claims 5 and 6 previously depended. 
However, as noted above, these references do not disclose or suggest a model in which the 
second order components, e.g., osteons, trabeculae, and lamellae, are non-homogeneous or a 
model that incorporates a hierarchical structure in which the viscoelastic properties of second 
order components are used to help predict the behavior of a first order macroscopic region of 
bone.^ 

The Office Action also contends that Ascenzi '93 discloses angle-of-twist as a function of 
torque, strain rate, or time. However, Ascenzi '93 shows only that torsional properties of osteons 
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can be measured; it does not teach or suggest incorporating angle-of-twist as a function of 
torque, strain rate, or time into a model of bone, nor measuring it for that purpose. 

E, CroleU Carter, Wolfinbarger, and Ascenzi V3 (Claims 22 and 23) 

Claims 22 and 23 have been rejected as being unpatentable over Crolet in viev^ of Carter 
and further in view of Wolfinbarger and Ascenzi *93. Applicant respectfully traverses this 
rejection, and reconsideration is respectfully requested. 

Claim 23 has been amended to depend from claims 17, 30, and 31 and discloses 
incorporating angle-of-twist as a function of torque. Claim 22, as described above, recites that 
the viscoelastic property is angle-of-twist as a function of torque, osteon hydroxyapatite content, 
strain rate, or time. The claim has been amended to disclose the experimental steps that are 
taken to determine the angle-of-twist as a function of torque based on a torque vs. angle-of-twist 
curves that are determined from torsional testing of various samples of bone. 

The Office Action contends that Crolet, Carter, and Wolfinbarger teach the bone model 
recited in the claims and that Ascenzi '93 discloses angle-of-twist as a function of torque. 
However, as noted above, these references do not disclose or suggest a model in which the 
second order components, e.g., osteons, trabeculae, and lamellae, are non-homogeneous or a 
model that incorporates a hierarchical structure in which the viscoelastic properties of second 
order components are used to help predict the behavior of a first order macroscopic region of 
bone. Furthermore, Ascenzi '93 does not teach or suggest incorporating angle-of-twist as a 
function of torque into a model of bone, nor measuring it for that purpose using data derived 
from experiments using samples of bone. 

F. Crolet, Ascenzi V9, Lakes, and Ascenzi '93 (Claim 16) 

Claim 16 has been rejected as being unpatentable over Crolet in view of Ascenzi '99 and 
Lakes and further in view of Ascenzi '93. Applicant respectfully traverses this rejection, and 
reconsideration is respectfully requested. 
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Claim 16 depends from claim 1 and states that the system of modeling macroscopic 
characteristics of bone includes a finite element model. 

The Office Action contends that Crolet, Ascenzi '99, and Lakes teach the bone model 
described above in claim 1 and that Ascenzi *93 discloses that the model is a finite element 
model. However, as noted above, these references do not disclose or suggest a model in which 
the second order curnponents, e.g., osteons, trabeculae, and lamellae^ are non-homogeneous or a 
model that incorporates a hierarchical structure in which the viscoelastic properties of second 
order components are used to help predict the behavior of a first order macroscopic region of 
bone. Furthermore, Ascenzi '93 suggests that the mechanical properties of osteons may be 
determined using a finite element analysis. Ascenzi '93 does not disclose or suggest using a 
finite element model that incorporates the viscoelastic properties of second order components to 
determine the behavior of a first order macroscopic region of bone, as claimed. 

G. Crolet, Carter, Ascenzi '99, and Lakes (Claim 17) 

Claim 17 has been rejected as being unpatentable over Crolet in view of Carter and 
fiirther in view of Ascenzi '99 and Lakes. Applicant respectfiiUy traverses this rejection, and 
reconsideration is respectfiiUy requested. 

As stated above in relation to the rejection of claim 20, claim 17, fi-om which claim 20 
depends, has been amended to recite a method of producing a model of a bone including the 
steps of specifying a first order macroscopic region of a selected bone, dividing the macroscopic 
region into a finite number of empirically-derived non-homogeneous second order components, 
dividing each second order component, and determining a property of the first order macroscopic 
region of the selected bone based on the viscoelastic properties of the second order components. 

The Office Action contends that Crolet, Ascenzi '99, and Lakes teach the bone model 
recited in the claim and that Carter teaches predicting deformation and firactures. However, the 
limitation of predicting deformation and fi-actures has been canceled fi-om the claim without 
prejudice or disclaimer of the canceled subject matter. Furthermore, as noted above, like Crolet, 
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Ascenzi '99, and Lakes, Carter does not disclose or suggest a model in which the second order 
components, e.g., osteons, trabeculae, and lamellae, are non-homogeneous or a model that 
incorporates a hierarchical structure in which the viscoelastic properties of second order 
components are used to help predict the behavior of a first order macroscopic region of bone. 

H. Crolet, Carter, Ascenzi V9, Lakes, and Ascenzi '93 (Claim 18) 

Claim 18 has been rejected as being unpatentable over Crolet in view of Carter, Ascenzi 
*99, and Lakes and further in view of Ascenzi '93, Applicant respectfully traverses this rejection, 
and reconsideration is respectfully requested. 

Claim 18 depends from claim 17 and has been amended to include the steps for 
simulating fi-acture using the bone model recited in claim 17. These steps include calculating a 
stress distribution as a function of a torque applied to the bone, calculating a strain distribution 
based on the stress distribution, and comparing strain in the strain distribution to a maximum 
strain, wherein fracture occurs when the strain exceeds the maximum strain. 

The Office Action contends that Crolet, Ascenzi '99, and Lakes disclose the method of 
modeling bone set forth in claim 17. As noted above, Crolet, Ascenzi '99, Lakes, and Carter do 
not disclose or suggest a model in which the second order components, e.g., osteons, trabeculae, 
and lamellae, are non-homogeneous or a model that incorporates a hierarchical structure in 
which the viscoelastic properties of second order components are used to help predict the 
behavior of a first order macroscopic region of bone. 

The Office Action also contends that Carter discloses predicting deformation and 
fractures and that Ascenzi '93 discloses that fi"acture propagation is modeled by calculating stress 
distribution as a function of torque applied to the bone. However, Carter only describes 
hypotheses on fi-acture behavior in bone, but does not disclose a bone model for predicting 
deformation and fracture. Carter also does not disclose the steps of calculating stress and strain 
distributions and making comparisons to determine where fracture occurs in a bone model. 
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Ascenzi '93 discloses that fractures occur when torque is applied to experimental bone 
samples (Ascenzi '93, page 881, column 1, paragraph 4, to column 2, paragraph 2). However, 
Ascenzi '93 does not disclose a bone model for predicting deformation and fracture. Ascenzi '93 
only hypothesizes on the location of fracture; it does not disclose the steps of calculating stress 
and strain distributions and making comparisons to determine where fracture occurs in a bone 
model. 

/. Crolet, Ascenzi '99, Lakes, Copland, andAgrawal (Claim 19) 

Claim 19 has been rejected as being unpatentable over Crolet in view of Ascenzi '99 and 
Lakes and further in view of U.S. Patent No. 6,333,313 to Copland ("Copland") and U.S. Patent 
No. 5,947,893 to Agrawal et al. ("Agrawal"). Claim 19 has been canceled without prejudice and 
the rejection is moot. 

J, Crolet, Carter, Wolfinbarger, Hamamoto, and Ascenzi '97 (Claim 26) 

Claim 26 has been rejected as being unpatentable over Crolet in view of Carter and 
Wolfinbarger and further in view of U.S. Patent No. 5,732,469 to Hamamoto et al. 
("Hamamoto") and Ascenzi, "X-ray diffraction on cyclically loaded osteons," August 1997, 
("Ascenzi '97"). Applicant respectfully traverses this rejection, and reconsideration is 
respectfully requested. 

Claim 26 depends fi-om claim 31, 30, and 17 and has been amended to state that the 
viscoelastic property of the second order components is modified based on collagen-bundle 
directions of the selected bone, the method further comprising the step of determining collagen- 
bundle directions of the samples using circularly polarizing light microscopy, confocal 
microscopy or X-ray diffraction of the samples. 

The Office Action contends that Crolet, Carter, and Wolfinbarger teach the bone model 
recited in the claims. However, as noted above, Crolet, Carter, and Wolfinbarger do not disclose 
or suggest a model in which the second order components, e.g., osteons, trabeculae, and 
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lamellae, are non-homogeneous or a model that incorporates a hierarchical structure in which the 
viscoelastic properties of second order components are used to help predict the behavior of a first 
order macroscopic region of bone. 

The Office Action also contends that Hamamoto discloses that collagen bundle directions 
are determined by circularly polarizing light microscopy or confocal microscopy. Hamamoto 
discloses a method of making a prosthesis for which normal light microscopy and fluorescent 
microscopy are used to observe the features of a porous lamination component SI of a prosthesis 
surface. However, Hamamoto does not disclose or suggest using polarizing light microscopy, 
confocal microscopy, or X-ray diffraction on samples of real bone or that these microscopy 
methods are used to determine collagen bundle directions, as set forth in claim 26. Hamamoto 
also does not disclose or suggest incorporating measurements of collagen bundle directions into 
a model of bone or measuring collagen bundle directions for that purpose. 

The Office Action also contends that Ascenzi *97 discloses that collagen bundle 
directions are determined by X-ray diffraction. Ascenzi '97 discloses that X-ray diffraction can 
be used to observe osteons and the degree of orientation of collagen fibrils (Ascenzi '97, 
Abstract). However, Ascenzi '97 does not teach or suggest incorporating the measurements of 
the collagen fibril orientation into a model of bone, nor measuring it for that purpose using 
samples of bone. 

CONCLUSION 

In view of the above, each of the presently pending claims in this application is believed 
to be in immediate condition for allowance. Accordingly, the Examiner is respectfiilly requested 
to pass this application to issue. 
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If there are any other issues remaining which the Examiner beheves could be resolved 
through either a Supplemental Response or an Examiner's Amendment, the Examiner is 
respectfully requested to contact the imdersigned at the telephone number indicated below. 

Dated: August 19, 2005 Respectfully submitted, 



By_ 



Denise L. Poy t \ 
Registration Nd?t'53,480 

DARBY & DARBY P.C. 
P.O. Box 5257 

New York, New York 10150-5257 
(212) 527-7700 
(212) 753-6237 (Fax) 
Attorneys/Agents For Applicants 
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